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Even for system sizes much larger than the correlation length, the fractal structure of the percolation clusters reveals itself at sufficiently high frequencies through the anomalous frequency dependence f "+@~"+e', where 8 is the anomalous diffusion exponent. This law takes the 1/f form in the large-8 limit and reduces to the universal Lax-Mengert law f ' in the case of ordinary diffusion (8=0). The new inequality -PL~2 for the localization P function of certain fractals is also derived. The corresponding inequality for percolation clusters is t/v g d where t is the conductivity exponent and v the correlation length exponent.
I. INTRODIJCTION
Most electrical conductors exhibit low-frequency electrical noise when subjected to a constant bias. This socalled "excess" or "1/f noise" depends on the bias and, at sufficiently low frequencies, can be much larger than the usual Nyquist-Johnson equilibrium noise. The origin of this noise, and of its particular inverse frequency dependence (1/f), has been a mystery for a number of years.
Many models have been proposed, ' but no universal mechanism has been found. The evidence seems to suggest that (nondiffusive) defect motion is at the origin of the phenomenon in many metal films, but in certain cases, other mechanism. s must be invoked. For example, in niobium films the resistance is modulated by hydrogen impurity diffusion, while in superconducting films near the transition, temperature diffusion is involved.
In the latter two cases the spectrum of fluctuations does not have the canonical 1/f dependence, ' but is nevertheless a form of low-frequency noise, which is commonly referred to as "diffusion noise. "" This type of noise was, in fact,
proposed by Richardson' more than 35 years ago as an explanation for 1/f noise. The idea was carried further and criticized by a number of researchers. ' ' ' Low-frequency noise of percolating structures has recently been the subject of experimental investigations. ' ' The focus has been on the divergence of the magnitude of the noise near the percolation threshold. In the theoretical models, the main assumption is that the noise is uncorrelated between the different pieces of the material making up the percolating network. In the present work we consider the problem of diffusion noise when the diffusion length is larger than the elementary pieces of the material. %'hen this diffusion length is also less than the percolation correlation length, one is in the fractal regime, where it is known that the self-similar geometry of the system leads to anomalous diffusion. This, in turn, modifies the spectrum of electrical fluctua- 
where x is restricted to be on the fractal and X is a constant independent of position. ks is Boltzmann's constant and T the temperature. The Fourier transform of Eq. (2) is then (5n(k, a))5n(k', co') ) 2k g TXD (k, co)k =(2n. ) +'5 (k+k') 5(co+co')~2~. (4) co +D (k, co)k It is important to note that since the density vanishes when one is not on the fractal, one can write 5n(k, t)= f d xe '"'*5n(x, t) = f d xe '"'*5n(x, 
The integral is over a rectangular box whose volume is Qg.
In the case of a fractal network, the passage from Eq. 
Dco where I(co) is defined by J2 ( ) 1+0+b
In this equation, we have used [cf. Eq. (11)] with the usual' ' 
in agreement with the result of Hansen and Nelkin ' and Rammal.
As expected, the size dependence is that of the resistance of a fractal network.
In . Defining (with apologies) an effective "dimension" for the resistance of a fractal by -f3L --2 -d~, one sees that our inequality is simply the statement that the "resistance dimension" be positive. By analogy with other "dimensions" defined for fractals, the "resistance dimension" reduces to the Euclidean dimension for a regular network. The lower bound d~--0 is reached on percolation networks above six dimensions.
Perhaps our most significant results are for diffusion noise, which refers to the resistance fluctuations caused by a diffusion process and measured through voltage fluctuations in the presence of a constant applied current (or Vice Uersa), i.e. , in the configuration where I/f noise is usually observed. Physical interpretations for our results follow rather easily when one notices that the measured quantity is proportional to (~x(o)ax(t) ) (39) where E is the square of the number of sites enclosed within the electrodes, while AN(t) is the fluctuation of the diffusing quantity averaged over the sites enclosed within the electrodes at time t. More mathematical details may be found in Appendix C, but the following intuitive discussion is instructive. When the frequency is low enough that the diffusion length is much larger than the size of the measuring region, one notices that whatever the value of b,N(0), b,N(t) is simply equal, in the random-walk analogy, to EN(0) times the conditional probability of return to the "origin, "
i.e. , to one of the sites within the measurement region.
Consider the fractal case first. From ([b,N(0) xe-'"" n x . 
where in the last equality we have followed the inverse of the steps leading to Eq. (A3 
